Porcine circovirus type 3 (PCV3) has recently been detected in pigs worldwide, with similar clinical manifestations to porcine circovirus-associated disease (PCVAD) from porcine circovirus type 2 (PCV2) infection. Here, we report the identification and 
PDNS, reproductive failure, multisystemic inflammation, and losses in neonatal pigs (Ku et al., 2017; Palinski et al., 2017; Phan et al., 2016) . Recently, PCV3 were detected in a Thai herd, in both healthy pigs and also pigs suffering from porcine respiratory disease complex (PRDC). Remarkably, the healthy pigs harboured a lower number of viruses than that in the diseased group (Kedkovid et al., 2018a) .
Additionally, there is a report on PCV3 infection in pigs with no apparent disease condition (Stadejek, Wozniak, Mitek, & Biernacka, 2017; Zheng et al., 2017 ). Thus, PCV3 shows similar mechanisms of disease development and clinical manifestations to that of PCV2 and 
Note. The list of clinical signs and major macroscopic lesions that observed in this study, i.e., growth retardation (wasting), occasionally with pallor of skin and dermatitis (skin), mottling and consolidation of lung (lung), multiple lymph nodes enlargement (lymph nodes), white necrotic foci at renal cortex (kidney), gastric ulceration of pars oesophageal (stomach), spleenomegaly (spleen), and serositis, are shown in different column. + means above macroscopic lesions were observed. − means above macroscopic lesions were not observed. NA means data not available. More detail of macroscopic lesions are described as a, pallor of skin; b, dermatitis; c, petechial hemorrhage; d, lung consolidation; e, fibrinonurulent polyserositis.
required further investigations on pathogenesis, disease association, and epidemiology. The aims of this study were to determine the PCV3 occurrence among pigs in Thailand retrospectively from 2006 to 2017, and also study the molecular epidemiology of Thai PCV3
by phylogenetic analysis based on the capsid gene.
| MATERIALS AND METHODS
A total of 79 serum and tissue samples from 26 pig farms, obtained from 2006 to 2017, were used in this study. All the samples were suspect as they came from clinical cases of PRDC or PCVAD, the samples were kept in a sample storage facility at the Veterinary Diagnostic Laboratory, Kasetsart University.
Viral nucleic acid was extracted by using FavorPrep ™ viral nucleic acid extraction kit (Favorgen, Taiwan) following the manufacturer's protocol. PCR for PCV2 and PCV3 detection was performed by using Phusion High-fidelity DNA polymerase (Finnzymes) with reported ORF2-specific primers (Ku et al., 2017; Thangthamniyom et al., 2017; respectively) . Porcine reproductive and respiratory syndrome virus (PRRSV) using PCR was detected by using one-step
with in-house ORF7-specific primers (Wajjwalku et al., 2001 ).
Nineteen purified PCR products were sequenced using the detection primer at First Base Laboratory, Shah Alam, Malaysia. The samples PCV3/TH/309/2016 (MF589652) were submitted for whole genome sequencing using primers from the previous report (Palinski et al., 2017) .
The alignment of PCV3 sequences was performed by using ClustalW multiple alignment set to default parameters utilizing Bioedit software (copyright Tom Hall 1997 -2007 . The nucleotide sequences of PCV3 capsid gene from this study were compared with sequences from USA, China, Korea, Italy, and Thailand (Faccini et al., 2017; Kedkovid et al., 2018a; Ku et al., 2017; Kwon, Yoo, Park, & Lyoo, 2017; Palinski et al., 2017) . A phylogenetic tree was constructed using MEGA 6 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013 ) under a maximum-likelihood method based on the Hasegawa-Kishino-Yano model with G+I (1,000 replicates of bootstrap analysis was performed).
| RESULTS AND DISCUSSION
Of 
| 613
Northern Ireland in 2002 (Collins, McKillen, & Allan, 2017) and as early as 1996 in Spain (Klaumann et al., 2018) , suggesting that PCV3
is not a new virus and has probably been disseminating throughout the world, including Thailand. In addition, the location of the PCV3-positive herds indicated that the virus is universally distributed throughout Thailand.
Co-infection of PCV3 with PCV2, PRRSV, or PCV2/PRRSV was predominantly observed in our study.
However, the samples from 2006 to 2009 were purposely preserved for DNA extraction with the limitation that the volume and farm status (clinical signs and lesions) were unclear. Thus, PRRSV detection could not be performed on these samples in addition to the farm status not being shown (described as "NT" in Table 1 ). The data of the samples which could not be diagnosed with PRRSV infection were excluded from the investigation of coinfection of between PCV3, PCV2, and PRRSV. The PCV3-positive samples also tested positive for at least one other virus, of which 61.54% (8/13) tested positive for PCV2, 61.54% (8/13) tested positive for PRRSV, and 30.76% (4/13) tested positive for both PCV2
and PRRSV.
A recent study exhibited a higher prevalence of PCV3 infection in PRDC-affected pigs than normal clinical healthy pigs, suggesting PCV3 may play a role in PRDC (Kedkovid et al., 2018a) . Similarly, our results showed the presence of PCV3 infection was related to PRDC clinical sign, PCV2, and PRRSV infection (Table 1 and Table 2 ).
This also supports the possibility that PCV3 maybe involve with PRDC. However, the pathogenesis of PCV3 on PRDC remained unclear and necessitates further study. Interestingly, 38.46% (5/13) of the samples were positive for PCV3 but negative for PCV2.
The clinical signs of these samples were pallor of skin and dermatitis. Necropsy findings were generalized lymph node enlargement, splenomegaly, and necrotic foci on the renal cortex along with those a previous report described as PDNS-like lesion with reproductive failure (Palinski et al., 2017) . In this study, PDNS-like lesion with mummified foetus and abortion was observed in one sow sample which related to PRRSV positive.
The full genome sequence of PCV3/TH/309/2016 (MF589652) was 2,000 nucleotides in length similar to other PCV3 strains. The viral genome showed nucleotide identity with Korea PCV3/ KU1605 (KY996341) and previously reported Thai PCV3/Thailand/ F I G U R E 2 The phylogenetic tree of partial capsid gene (559 bp) of PCV3 from this study (triangle) and other isolation (China, Korea, USA, Italy, and Thailand). The phylogenetic tree was constructed using maximum-likelihood method based on Hasegawa-Kishino-Yano model with G + I in MEGA 6 software. respectively. This result revealed that genetic variation of the capsid gene was higher than the complete genome.
The phylogenetic analysis of whole genome sequence of PCV3 was constructed to investigate the evolutionary relationship with other viruses of family Circoviridae. All of PCV3 strains was clustered together separately from other member of Circoviridae based on whole genome sequences (Figure 1 ). The PCV3 showed closer genetic relationship with mink-or bat-associated circovirus (KJ020099 and KC339249) than PCV1 and PCV2 (KJ408798 and AY322004) as well as demonstrated in many studies (Ku et al., 2017; Palinski et al., 2017; Phan et al., 2016) . These results indicated that PCV3 is a new pathogen of swine.
To Lately, PCV3 was divided into two clades (PCV3a and PCV3b) based on the partial sequence of the capsid gene (Ku et al., 2017) . In this study, the PCV3 sequences were clustered related to these two clades ( Figure 2) . However, the phylogenetic grouping of our sequences could not be summed up due to the low bootstrap value that supported this grouping.
In addition, the phylogenetic tree showed that the PCV3 Thailand strains were grouped with current PCV3 strains reported in other countries and had no associated relationship with the other PCV3 genotype geographical origins. This result suggests that the molecular evolution of PCV3 does not correspond to geographic location. Moreover, the low genetic variation suggests the recent emergence of PCV3 and may have been circulating in swine herd (Fu et al., 2018; Klaumann et al., 2018) . may possess a similar mechanism in causing PCVAD as co-infection of PCV2 and other swine viral pathogens were linked to PCVAD (Ellis, 2014) . The vertical transmission of PCV3 should be of concern, since PCV2 is transmitted through horizontal and vertical transmission. Future diagnosis of PCVAD should take PCV3 into consideration as a causative agent. Studies on PCV2 and PCV3 immunity against PCV3 infection, and PCV3-associated disease are necessary to provide effective preventive and control measures for PCVAD.
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